Summary. Polyclonal antibodies against luteinizing hormone in dromedary (camLH) were raised in a rabbit and enabled the development of homologous immunoassays (radioimmunoassay, competitive enzymeimmunoassay (EIA) and sandwich EIA) for the measurement of circulating camLH in plasma. These assays were highly specific for camLH since neither dromedary follicle-stimulating hormone, growth hormone nor prolactin cross-reacted significantly. The lowest detection limit (0\m=.\08ng/ml) was obtained with the sandwich EIA. In addition to its high specificity and sensitivity, this method does not require radiolabelled molecules or expensive laboratory facilities. It can be performed in the field using a portable, battery-powered plate reader.
Introduction
The development of immunoassays for the determination of gonadotrophins in the peripheral circulation of the dromedary (Camelus dromedarius) is essential for understanding its reproductive endocrinology and for the development of new techniques to improve its reproductive perform¬ ance. Dromedaries, which are of great economic importance in desert areas in Africa, have a low rate of reproduction. We aimed to develop assays for camel plasma gonadotrophins that can be easily handled in areas where it is difficult to obtain radioactive elements and where equipment such as centrifuges and radioactivity counters is not available.
Moreover, because of the scarcity of highly purified camLH at the time we initiated this work, we could only immunize a single rabbit. The present paper reports the setting up and characteriz¬ ation of several immunoassays of this hormone with the antiserum obtained, including a highly sensitive and specific sandwich enzymeimmunoassay (EIA).
Materials and Methods
Hormones. Camel luteinizing hormone (camLH A46; 0-72 NIH LH SI) was purified as described by Anouassi et ai (1987) . Porcine LH (pLH CY1352; 2-4 NIH LH SI), ovine follicle-stimulating hormone (oFSH CY1746; 50-9 oFSH NIH SI) and ovine LH isoforms (oLH CY1083, CY1085, CY1086; 2-2-3-5 oLH NIH SI) were purified in our laboratory. The methods for the purification of camel prolactin (camPRL NM1140) and camel growth hormone (camGH CY1712) are described by Martinat et ai (1990a, b Radioimmunoassay. The radioimmunoassay (RIA) technique was developed using the anti-camLH serum already described. Highly purified camLH (camLH A46) was radiolabelled with 125I using iodogen (Pierce) as the catalyst (Fraker & Speck, 1978) ; 100 µ of standard camLH or unknown sample, diluted in 25mM veronal human serum albumin at pH 8-6, was incubated for 2 days at 4°C with 50 µ of anti-camLH serum diluted 1:80 000 in the same buffer. Then, 50 µ of 125I-labelled camLH (20000c.p.m) was added and the incubation was continued for 24 h at 4°C. Then, 50 µ of a sheep antirabbit -globulin serum was added followed by 50 µ of 0-54M-CaCl2 and the tubes were incubated for 30 min at room temperature to precipitate the anti-camLH antibody. The separation of free and bound hormone was achieved by centrifugation at 2600 g for 20 min after addition of 1 ml of cold veronal buffer. The supernatants were discarded and the radioactivity of the pellets (B) was measured in an LKB multigamma counter. The calculations were made by sigmoidal nonlinear regression on the values of (B/Bo) as a function of the log of hormone concentrations using the GraphPAD 20 program (ISI Software). The whole procedure was completed in 3 days.
Competitive enzymeimmunoassay. The wells of microtitre plates (CML, Angers, France) were coated with 100 ng of highly purified porcine LH (pLH CY1352; 2-4 NIH LH SI) in 100 µ of lOOmM carbonate-bicarbonate, pH (at 37°C for 1 h). Before use, the plates were emptied by inversion, dried on absorbent paper and the wells were saturated with proteins by incubating 150 µ phosphate-buffered saline (PBS) containing 2 mg bovine serum albumin (BSA; Sigma)/ml and 01% Tween in each of them for 30-60 min at 37°C. Serial dilutions of the standards and unknowns were performed in polystyrene tubes with phosphate-buffered saline (PBS), bovine serum albumin (BSA) and Tween. Then, 200 µ of the anti-camLH antibody (1:10000 dilution in the same buffer) was added to 200 µ of each dilution. After incubation for 3 h at 37°C, three 100 µ aliquots were transferred to triplicate wells coated with pLH and incubated for 1 h at 37°C. The wells were then emptied by inversion dried on filter paper and washed 5 times with PBS and Tween. Subsequently, bound anti-camLH antibodies were detected by incubation for 1 h with antirabbit -globulin antibody conjugated to peroxidase (Pasteur Production, France). The wells were then washed 5 times with PBS and Tween buffer and the bound enzyme activity was assayed by addition of 100 µ substrate solution (0-5 mg O-phenylenediamine/ml and 0-2% H202 in 01m citrate, pH 5-6) and incubation at room temperature in the dark for 5-10 min. The reaction was stopped by 50 µ H2S04 and the optical density (D) at 492 nm was measured on a Dynatec plate reader; D was plotted as a function of the log of hormone concentrations and the curves obtained were analysed by sigmoidal curve fitting using the GraphPAD program.
Avidin-biotin competitive enzymeimmunoassay. This technique is a modification of the previous one: the wells of microtitre plates were coated with 10 ng of highly purified porcine LH, instead of 100 ng. The anti-camLH serum was used at a dilution of 1:80000 instead of 1:10000; biotinylated antirabbit -globulin antibody (Pasteur Production, France) was used instead of antirabbit -globulin antibody conjugated to peroxidase and an additional incubation for 1 h at 37°C with avidin conjugated to peroxidase was performed. After 5 washings, the bound enzyme was determined and the calculations were made in the same way as for the standard competitive EIA.
Sandwich enzymeimmunoassay. In this assay, the IgGs purified from the above anti-camLH serum were used both as capture and detection antibodies, as described for bovine LH by Abdul-Ahad & Gosling (1987) . The wells of EIA microtitre plates were coated with 0-4 pg anti-camLH IgGs diluted in 100 µ of lOOmM carbonate-bicarbonate, pH 9-6, by incubation at 37°C for 1 h and subsequent storing at 4°C for 0-5-150 days. They were emptied and rinsed just before use. Standard LH or unknowns were diluted in PBS, BSA and Tween and 100-µ1 samples were added to the wells. The plates were then incubated either for 1 h at 37°C or overnight at 4°C. The wells were emptied and washed 3 times with 150 µ PBS-Tween, then 100 µ of anti-camLH-peroxidase conjugate diluted 1:2000 (corresponding tõ 0-2 pg anti-LH IgG) was added and incubated for 3 h at 37°C. After 5 washings, the bound enzyme activity was determined. The linear regression analysis of log (D) as a function of log (dose) was performed with the GraphPAD program.
Biological samples. Adult female dromedaries (400-500 kg) were studied during the breeding season and had previously calved at least once. They were isolated from the male for 4 months before the experiments; 10 ml of blood was collected from the jugular vein every 30 min for 5 h in sodium citrate. Plasma samples were prepared by centrifu¬ gation at 2600 g at 4°C and kept frozen until assay. These samples were obtained from female animals either treated by a single intravenous injection of 50 pg GnRH or submitted to 2-h inhalation of occipital gland secretions. These secretions were recovered from sexually mature males on cotton pads that were placed inside plastic masks positioned over the nostrils of females.
Results

Radioimmunoassay
The Hill slopes of the calculated sigmoid curves of the homologous RIA of camLH were -0-93 (±007) and -1-07 (±016) for purified camLH and a sample of dromedary plasma, respectively (Fig. la) . The detection limit of this assay, as calculated from the error in the zero was 0-2 ng/ml (20 pg/tube) and the cross-reactivity of camFSH was <2%.
Competitive enzymeimmunoassay
CamFSH and camPRL did not cross-react significantly in this assay (Fig. lb) . The sensitivity calculated from multireplicate analysis of hormone-free standard was 10 ng camLH/ml of sample. By amplification of the response with the avidin-biotin system (see Materials and Methods), the detection limit was lowered to 1-6 ng/ml (not shown).
Sandwich enzymeimmunoassay
The detection limit for camLH in the short protocol (incubation for 1 h at 37°C) was 0-6 ng/ml (Fig. 2a) . The detection limit for oLH was four times lower (0-16 mg/ml). The cross-reactions with camFSH, oFSH, camGH and camPRL were very low. Indeed, camFSH was <0T% as active as camLH, and oFSH exhibited < 1 % of the activity of oLH. camGH and camPRL exhibited very low activities ( < 0-1 %).
In the sandwich assay of camLH in the long protocol (overnight incubation at 4°C), the detection limit for camLH, statistically defined as the zero point plus twice the standard deviation, was 002 ng/ml (2 pg/well; Fig. 2b) . However, the within-sample replicate coefficients of variation were >7% for camLH concentrations <008 ng/ml. Therefore, the range of the assay with high precision is 80 pg to 10 ng/ml sample (i.e. 8-1000 pg/well). The within-assay variation never exceeded 3-2% (Fig. 3) whereas the between-assay coefficient of variation for a control plasma sample (6-6 ng/ml) was 7-8% (n = 6). Clinical validation of the sandwich EIA Injection of GnRH. Blood samples were taken from normal female dromedaries before and after i.v. injection of 50 pg GnRH. Plasma LH concentrations, measured by the long protocol sandwich EIA, increased after GnRH treatment (Fig. 4a) .
Male effect. Plasma LH concentration increased when male occipital secretions were smelled by female dromedaries (Fig. 4b ).
Discussion
We (Marie & Anouassi, 1986) and others (Xu et ai, 1985; Elwishy, 1987; Bono et The purification method of camLH previously described (Anouassi et ai, 1987) (Combarnous et ai, 1989) and since purified pLH is available in large amounts, we chose this hormone. Although the resulting assay was very specific, its detection limit was far too high (10 ng/ml) for the measurement of the hormone in the circu¬ lation, but, because of its rapidity and convenience, it is suitable for monitoring LH immunoactivity during purifications. The use of avidin-biotin for amplification led to a lower detection limit (1-6 ng/ml, i.e. 160 pg/well), but it was still too high for measuring the expected basal concentrations of LH.
To set up an enzymeimmunoassay of sufficient sensitivity, we then turned to a sandwich EIA using a single polyclonal antiserum as previously described for bovine LH (Abdul-Ahad & Gosling, 1987) . This assay was found to be highly specific for LH molecules. The rapid protocol (37°C for 1 h) gave a detection limit of 1 ng/ml for camLH and this limit was even lower for ovine LH (0-25 ng/ml, i.e. 25 pg/well). This is not unexpected since the rabbit was first immunized with oLH and subsequently boosted with camLH.
Since basal circulating concentrations of LH in dromedaries are probably < 1 ng/ml, we modi¬ fied the protocol to reach a suitable detection limit. This was obtained by incubating the standards or samples with the coated antibodies overnight at 4°C instead of for 1 h at 37°C. In this assay, the detection limit was as low as 20 pg/ml, but the CV was > 10% at this hormone concentration. The range of the assay with high precision (CV <7%) for camLH was then 80-1000 pg/ml (8-100 pg/ well) and was satisfactory for the measurement of basal and peak concentrations of the hormone in the circulation.
We previously reported that camLH could be measured by RIAs for ovine LH (Marie & Anouassi, 1986) or RIAs for porcine LH or equine choriogonadotrophin (Anouassi et ai, 1987) . Recently, a sandwich EIA for oLH was set up in our laboratory (by M. C. Maurel) using anti-oLH serum from rabbit that was subsequently boosted with camLH. In this assay, camLH cross-reacted strongly (50% of oLH) with a detection limit of 01 ng/ml. The boosting injections of camLH performed 1 year after immunization against oLH were intended to activate selectively clones secreting antibodies to specific epitopes of camLH. The resulting antiserum exhibited the same specificity towards oLH and camLH and the detection limit in the long-protocol, homologous, sandwich EIA was slightly lowered.
Although different heterologous LH immunoassays (RIA or EIA) can be used for the measure¬ ment of camLH, the homologous El As described here have the advantages that real concentrations are measured and that they can be performed in the field with cheap portable equipment. The preliminary biological data presented in this report demonstrate the feasibility of the camLH sandwich EIA.
